Th e Nati ona l B ureau of S ta nd a rds has iss ued a lin ea r po lye th yle ne sta nda rd refe re nce ma te ri a l, S RM 1475. I n thi s re port a ge ne ra l descriptio n of the sa m ple is give n, a nd the c ha racte ri zati on work d esc ribe d in th e s ubsequ e nt re ports is outlined. So me pe ll e t-to-pe ll e t va ri ab ilit y was found a nd es tim a te d. Key wo rd s : Fracti ona ti on; lin ear po lye th yle ne; molec ul a r we ight; mo lecu la r we ight di s trib uti on; Na ti onal Burea u of S t.a nd a rd s; pe ll e t varia bilit y; s tanda rd refe re nce mate ri a l.
Purpose
The Nati onal Bureau of S ta nd ard s has iss ued a ]jnear pol yethyle ne stand ard reference material, SRM 1475,** to fill th e need for a well-c haracteri zed sa mple of thi s polymer. The sample may be used for the ca]jbrati on of in strum e nts for meas urin g molecular weight a nd molecular weight di stributi on , s uc h as li ght scatterin g photometers a nd gel pe rm eati on chroma togr a ph s. It s hould also be useful in other areas of polyme r research s uch as dilute solution studies, po lyme r rh eology, and polymer cr ys tal ph ysics.
Properties Measured
The charac terization results whi c h are d escribed in the s ucceeding papers in thi s series [1] 1 include a dete rmination of:
(1) W eight a verage molec ular weight by light scattering, (2) molecular weight distribution by gel perm e ation c hrom atography and , from this distribution , weight average, number ave rage , a nd Z average molec ular weights, (3) limiting viscosity number in l-c hloron a phth ale ne , 1 ,2,4-tri c hlorobe nze ne, and decalin , (4) melt flow rate by a melt index t ype apparatus, (5) d e nsity by ASTM procedures. No atte mpt was made to determine number ave rage molecular weight of this whole polymer by os mometry I Fi gures in brac kets ind icate th e lit e ra ture refe rences at the e nd of thi s pape r.
sin ce diffu sion of e ve n s mall a mounts of low molec ular weight s pecies through the me mbrane ma kes s uc h a determin ation meanin gless. However , by calibra tion of the gel permeation c hromatograph with fraction s th a t were well char acterized b y ]j ght scattering a nd os mome try, it was possible to de te rmin e numbe r a ver age molec ular we ight as well as weight a ve rage a nd molecular weight distribution. With th ese data, SRM 1475 may be used co nve nie ntly for th e precise calibra tion of othe r gel pe rmeati on c hrom a togra ph s. In the papers whi ch follow, the various techniques a re d esc ribed. More de tail is gi ve n in those cases where th e re h as been so me de viation from the usual procedure. The certifi cate for SRM 1475 is reprodu ced at th e e nd of thi s pa per.
Sample Description
The sample of linear polye thyle ne chosen for SRM 1475, an ALATHON 7050, was kindly dOllated by the E. I. duPont Company, Wilmington , Delaware. * The material is in the form of pellets, each weighing about 20 mg. An antioxidant, tetraki s [me thyle ne-3-(3' ,5' -dit-butyl-4' -hydroxyphenyl)propionate] me thane, known co mmonly as Irganox 1010 (Geigy C he mical Compa ny), was added to the pol ymer at a con ce ntra tion of III ppm by the manufacturer. The line arity of the polymer is de monstrated , as shown in p art II [1] , by infrared analysi s. Ash conte nt, de termine d b y ashing a 10-gra m portion of the sa mrl p at 750°C, was foe nd to be 0.002 pe rcent.
* Certain comm e rcial e quipment , i nstrume nls. or mate ri a ls a re id entifi ed in thi s paper in orde r to adequ ately specify the e :xpe rime nt al procedu re. In no case does s uc h ide ntifi cation impl y reco mm end ation or en dorseme nt b y the Nat ional Burea u of Sta nd a rds, nor does it im ply tha t th e ma te ri a l or eq uipme nt id enti fied is necessaril y th e bes t ava il ab le for the purpose.
The determination of volatile components, or at least those co mponents soluble in xylene, was made as follows. Three grams of polyethylene and 7 grams of xylene were seale d in one co ntain er and 7 grams of xylene was sealed in another as a control. These containers were heated at 140°C until the contents dissolved. They were cooled to precipitate the polyethylene, opened, and samples of liquid from each were analyzed by gas chromatography.
It is estimated that any xylene-soluble volatiles that amounted to as muc h as 1/2 percent of the polye thylene could be readily detected by this method. No e vidence of such volatile material was found.
Sampling
The sample was received in forty 50-lb bags. To determine the conditions necessary for uniform samplin g, polymer variability from pellet-to-pellet and bagto-bag was determined. The bags were numbered at random from 1 to 40 and samples were taken from the top and bottom of each of bags 1 to 20. Several grams of each of these were mixed and samples drawn from this "pool" to make up blended samples for ~ight scattering, limiting viscosity number, and gel permeation chromatography_ These blends were made up of several hundred pellets dissolved in xylene at 140°C and precipitated in ethanol at room temperature.
Pellet·to-pellet variability was de termined by solution viscosity measurements [ld] in l-chloronaphthalene at conce n trations of from 0.06 to 0.12 gJ dl at 130°C on individual pellets and on samples of the blends. The viscosity number, (.,., -'Y}o)/('Y}oc), in dl/g, where 'Y} is the viscosity of the solution, ' Y}o is the viscosity of the solvent, and c is the concentration in g/dl, is plotted against concentration in figure 1. The viscosity numbers obtained for the blended samples were fitted by least squares to a linear function of concentration, yielding the straight line shown in the figure. The standard deviation in viscosity number obtained from the least-squares analysis for the blended samples was 0.0034 dl/g (0.38%). The rootmean-square deviation from the straight line of the viscosity numbers obtained for solutions made up from individual pellets was found to be 0.028 dl/g (3.1%). Thus the standard deviation of a single measurement is 0.38 percent and the standard deviation due to pellet-to-pellet variation is [(3.1)2 -(0.38)2] 1/2 = 3.1 %.
Since the coefficient of variation is 3 percent, it is recommended that all determinations be performed on samples containing at least 50 pellets or one gram of polymer (or material from a blend of one gram). This will reduce the expectation of the standard error due to pellet variability to less than 0.5 percent.
Details of the method of measurement of melt flow rate and the results obtained are discussed elsewhere [lc] . These measurements were employed to investigate variations in material taken from different regions of the entire material. Forty-two samples for melt How rate determination were taken from 13 different regions in seven of the bags. The standard deviation for samples within a region was found to be 2.1 percent, based on 29 degrees of freedom. The standard deviation between regions was found to be 1.7 percent, based on 12 degrees of freedom. We conclude that variations from region to region are too small to be detected by this method. The methyl group content as determined by ASTM Method 02238-68 is 0.15 methyl groups per 100 carbon atoms. This shows the polyethylene to be essentially linear. A pellet to pellet coefficient of variation of 3 percent in the limiting viscosity number was found. All determinations should consequently be performed on samples containing at least 50 pellets or one gram of polymer (or material from a blend of one gram). This will reduce the expectation of the standard error due to pellet variability to less than 0.5 percent. This sample of linear polyethylene has an ash content of 0.002 percent. No volatiles were detected by a gas-chromatographic procedure capable of detecting 0.5 percent volatiles. The manufacturer added 111 ppm of the antioxidant, Irganox 1010 (Geigy), which is tetrakis [methylene-3-(3 I ,5'·di-t-butyl-4 ' -hydroxyphenyl)propionate ] methane.
References
The differential refractive index in 1-chloronaphthalene, required for the calculation of molecular weight by light scattering, was found to be -0.193 ml/g at 135°C and 546 nm.
The maximum rate of shear in the Ubbelohde viscometer was about 1500 sec· I. All measure· ments were carried out at specific viscosities (0.1 or less) which were sufficiently low for negligible dependence on rate of shear.
A series of reports describing investigations required for this certificate will be published in the Journal of Research of the National Bureau of Standards, Vol ume 76 A, No.2, 1972. 
